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Fig 3 
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Fig 7 



Control error without and with mass estimation feedforward 
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Fig 9 



Mass estimation when also other parameters are estimated 
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Fig 10 

Estimation of velocity, acceleration, jerk and snap components 
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Fig 13 



Mass estimation with and without snap feedforward 
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Fig 15 
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Mass estimation with and without snap feedforward 
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Effect of 0.1 samples less delay in force path 
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x i@8ntrol error without and with mass estimation 



xlO" 8 Control error without and with snap FF 



O .5> 

is 

CO 



CO 

e co 

1 S 




1.3 1.4 1.5 1.6 1.7 1.8 1.9 

..-8 r- 
x10 



x1(T 



14.2 urn 




1.4 1.5 1.6 1.7 1.8 1.9 



1.4 1.5 1.6 1.7 1.8 1.9 



c 

.o 

TO 

.e 

co 
CD 

CO 
CO 

i 



22.69 
22.68 
22.67 
22.66 
22.65 
22.64 
22.63 
22.62 
22.61 



— SPG acceleration 

— Estimated mass 
■•e- Nominal mass 





1.3 1.4 1.5 1.6 1.7 1.8 1.9 
Time [s] 



22.61 



— SPG acceleration 

— Estimated mass 
••O" Nominal mass 




1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 
Time (s] 



Fig 1 8 



14/24 



lg 8ntfolerrorwlthoutandwithmassestimation > , .tf Controlierror w ithout and with snap FF 




13.6 nm 



1. 3 1.4 1.5 1.6 1-7 1.8 1.9 



1.3 1.4 1.5 1-6 1.7 1.8 1.9 



22.69 
22.68 



— SPG acceleration 

— Estimated mass 
•&■ Nominal mass 




1.3 1.4 1.5 1.6 1.7 1.8 1-9 2 
Time[s] 



Fig 19 



15/24 



x i@3ntrol error without and with mass estimation „ x 1 q* 7 Control error without and with snap FF 

H- ___ — : , 1 , , ■ ■ 



t; co 
o .5> 

CO 



8 CO 

5 % 

CO § 




.o 

CO 



CO 

I 
i 



1.3 
22.57 
22.56 
22.55 
22.54 
22.53 
22.52 
22.51 

22.5 

22.4! 



— SPG acceleration 
— - Estimated mass 
•■©• Nominal mass 





-T- SPG acceleration 
— Estimated mass 
Nominal mass 



1.6 1.7 
Time [s] 



1.5 



1.6 1.7 
Time [s] 



1.8 1.9 



Fig 20 



16/24 



x i§6ntrol error without and with mass estimation x Iff 7 Contr 9' error without and with snap FF 

CD 




1.4 1.5 1.6 1.7 1.8 
Time [s] 



Time [s] 



17/24 



Fig 21 
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Fig 26 
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Fig 27 



FIR and ARX filter response 
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Fig 31 
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